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(57) Abstract 

Tbc invention provides a micropartle'e comprising a 
m |«u« or a Wode^sbte polymer and * *»^f?Jj£ 
oolvmer aJid an active agent. Preferred biodegiadat.- 
polym s « laciufe home-polymers or copolymers of tog.de 
2 Slide. Preferred water soluble polymers are PEG 
Methylene filycol)) or PEG copolymers. The particles 
exhibit a 1 near relesse profile of active a C ent. The mvent.cn 
'ho provides an emulsion/solv.,,u extraction method to mate 
II e m croparticU's. The continuous phase of the secondary 
SuK contain* «» organic solvent which Is mlsc.b.e wnh 
the organic solvent in the primary emulsion. 
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The present invention relates to polymer microbes for pterins 
active. ? i.-nts, and to a method for making such particles. 
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BACKGROUND 

l 

U is possible .0 ..dive, .heretic age* to 0* km « *»P «« ^ » 

,0 Theproducts of jbtecbj-lo,, «-« » ^ *» ""P""*' WC * 
pharmaceutical scientist Is faced will, Ite problem of delivering 
■active materials in the form of peptides and protein.,, 



oligonucleotides and I)NA. 
i' 



,5 Consider^ W* «L«. in .he use of colloidal pricl* for ite AttW 
of therapeutically active materials mfte form of proteins and peptic tutd for 
vaccine formulation. Various biodegradable polymers have been Inyss^ 
as therapeutic carriers, include serum albumin beads, polyacryl 
micropartic.es, polyacrylamide microparticle ? . polyCoutyl-^yanoctyl*.-.) 

20 nanoparticles and polylactide co-glyco.ide n,icro P ,r,ic!« (Florence n 
me case of albumin and polyacryl starch, antibody response, were mduced to 
,he carriers as well as to the specific antigens entrapped therein. Froifcus o. 
.oricity associated with polyacrylamide and poly(butyl-2-cyaaoacryU,e) Itat 

\ tile use of these polymers as antigen delivery systems. 

^Kicropliictes b««i upon resorbable copolymers of polylac* end 

are no W finding increasing Ration for the delivery of the protels of 
biotechnology (especially peptides and proteins) (Kwong, e, a, and VUng, « 
3Q an These syn,he,ic polyesters are approved for human use and have a 25-year 
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history of safety. Injected polyCDL-laclide-co-glycolide) (PLC) mkrtpaillcici 
'■ exhibit good biocompatibility and induce only a minimal Inflammatory 
' , « f pon-.-.. The iaclide copolymer* such as PLC are gooc! candidates for 4 ; 

development of controlled release drug systems and vaccinae. They bioc^-d. 
5 through hydrolysis of ester linkages to yield the normal bodycoiwlU.t?n!* luetic 
I acit , and glycolic acid. The degradr "-on rate of lactide copolymer* U control!?* 

by various factors including molecular weight, lactide: glycol*.- ratio and 

polymer crysi Minily and can be varied from several we^ to over a year, tiiiU ; 

potentially allowing control over the time and rate of vaccine rata**.. Cnrrkfl 
10 may therefore be designed to release entrapped antigen at certajn into** *(W > 

immunization : when booster doses are normally administered.^ ; •"• 

A large number of microencapsulation techniques have been developed using . 

PLG, such as film casting, moulding, spray drying and extrusion, btffc? motf ■ 
15 common is the solvent evaporation 'technique (Fong, el and Bofe*<f ft " 

al.,). Although the oil in water (OAV) emulsion/solvent evaporate tccM>t» 

has b,.-n used successfully by sever,! groups to entrap hydrophobic subeftnees 
' ! such as progesterone, poor encapsulation efficiency results for mutely 

water-soluble and water soluble drugs due to' partition into the aqueout 
20 i continuous phase (Benita, et al.,). This presents a major problem in drug anc? 

vaccine delivery. 

Protein encapsulation in PLG microparticlcs has been attempted previously 
; : u^ - pil-ir. oil (O/O) and 0/W technique? wherein dried protein to flrtl 
Mspetsed in a solution of PLG (Alonso, el al). In the 0/0 *» 
.#^sp*rsion may be emulsified in silicone oil containing Span 85 as i |lab»lwer. 
M^wMonof petroleum ether subsequently results in solvent ex^ion and 
precipitation of the microparlicles. Although protein loadings arc close to the 
theoretical maximum, the particle size tends to be large ( around 500 ,<m ) and 
iO the particle shape irregular. Leelarasamec et al described a solvent . *lpniiuj 
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mel bod which tavdved slowly injecting a suspension of hydrocortisone i. . 
PLA solution into a s,rean, of .itinera, oil. In a Mated mo*ol. Wads « d 
encapsulated drugs In UcOo acid oligonv <*• « 

acetonitrile/water ■alx.ur. to form .he primary emulsion. This was snbseo.uen.ly • 
5 env.Hified in cottonseed oil and the • >lvent was removed by heElinj. 

in .he O/W approach a suspension of nrotein in ll« polymer *Mo» to. 
emulsified with an immkei* an.u=ous surfactant «**» which M* 9 
polymer nrecini.afe and hardenirs of the microti**. Solvent is rnmmt^ 
,0 by evaporation. Mi,roparticles less than 10 in «l» «V **** M *• 
- protein is inefficiently encapsul. J in the microparliclcs m tm » *». 
. presence of water, d,e » P-U.ion bio the a„eo„s F«W and kn 
reducible protein release has also been noted when the protein is fis^e* 
as a lycpVJised powder in the polymer solution (Alonso, a at). ' , 

In order to improve the loading of water solubic compounds, ivithtn FLG 
microoarticles Ogawa « nl used a wa.e,in oil-in water (V.VO/VV ) S o>Y*« 
evaporation technic lo entrap a water soluble peptide into FW 
microparticles. The W/O/W technic has since become one of thf pnrtcip* 
20 methods for encapsulating proteins and peptides CMby. « «Q. In «* *»«• 
emulsion-solvcn, evaporation approach, an ao.ucous solution oflto prole* IS 
emulsified with the polymer solution to form a prim^ water-in-oi! emulsion 
(W/O) This is s,bsec.ucn.ly emulsified with an aqueous surf-car,. **»«» 
:M& VW/O/W) to induce polymer precipilation and micropartlde Ns^f *«* » 

aS»W**t«- . '' i hw nnnontion The W/O/W method has bf*i> used to 

"25 ' allow solvent removal by evaporation, me 

l»%eSpsula,e diphtheria toxoid in DL.PLA controlled microns 

(Raghuvanshi, « 4 with the aim of producing single do* vactin.es whjch 
poten.iallyovercomeproblemsofpa.ien, noncompliance, 

30 aad storage. , 



' a recef publication has described lU incorporation of ovalbumin In 
- parlies using the W/O/W me.V.d (Uchld. and Goto. Biol. Fharm. Bull. 
; 17.(1094) 1272-1276). The parities were in Hie sue range 1 to 14 ,.m. The 
autho- commented on the low loading efficients (8-20 %). The content of 
5 ovalbumin in the microparf.de. was expected to be from 0.0S to 0.20 % . 

Microparlicles which are administered subcuter.wuriy either remain in the 
subcutaneous tissue or are phagocytosed deeding on their *, (VUsfe, el 
fl0 The encapsulation of antigens in microparticle, less than 10 ftm is of 

10 m.ere«t for targeting to macrophages (Odridge, « at). Several Kudlcs 
■ (EUhidgc. et al. and Jenkins, ei ai. and Jani. et at.) have shown that fe» « 
al<o a si-niScasit dependency on size for t!-.* absorption of microparlidea acwsi 
the gastrointestinal tract after oral delivery, with microparticle? of 0.5-1,0 p • 
being absorbed in the greatest numbers. Thus, the ability to easily control l - . 

15 particle size is desirable. 

It has surprisingly' been found that microparticles comprising ami^fe of • 
biodegradable polymer and a water soluble polymer achieve a greatly fcnproYS 
loading of aciiv -ent and can give a linear release time profile for the &m 
20 agent. Furthermore, it has been found that preparation of polymer 
microparticle. using an emulsification/sclvent extraction method in which 
miscible organic" solvents are used significantly reduces partitioning of the 
active agent into the continuous phase of tho secondary emuUlon,^^ 
■■' :/ : ? when the active agent is water-soluble. 

■ftlShe- present invention therefore provides a microparticle comprising * mixture 
S*Pof biodegradable polymer and a water soluble polymer, and an WW 

The term microparticle is used herein to Inch* nanopartfete?. The 
microparticles preferably have a size in the range 10 nm to 200^m. 
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in ftA | um ,r is orcferftbly soluble in both water end 
The water-soluble polymu >s preieim 7 

- > . 

' dichlbromelhane (DCM). 

i We use the .crm »biode S radab!c polymer" to inch* polymwir ;y S ,cm S whkli 
5 C a„ de",de. into low molecular weight compounds which .to tavffl to to 
involved normally in metabolic pa.: ,ys. Wo also „» d» W.l to incite 
polymer systems wbici, can be atta J in the rHtfol milieu so Art 
integrity of the system, and in some cases of .ho aetata *«** 
is affected and gives fra^ents or ofcer gradation by-prod.«« v/Mc!) «n. 
10 move away from their site of action, but not necessarily fro.-, the body. 

The ratio of biodegradable polymer to water-soluble, polymer I* in the vans* 
99.9:1.0 to 10:90, more preferably 50:10 to 10:90. 

» ' ■ A 

* . f 

such as polylactide. polyglycolide. copolymers of iMlide »d 8^*, 
polyhydroxybutyrate. polycaprolac.one. copolymers of lactic «cH «*! »«•, ' 
copolymer, of lactic acid and PEC, copolymers of «*y*W r* 1 «" 
amino acids (polypeptides), polyanhydrides. polyorfcossters, 

20 polyphosphazenes. copolymers of hydroxybutyrate and hydroxyvale* ,. 

' poly-eu,ylenecarbona.e).copoly(e,hy!cnecarbonale)^^^ 

or mixtures of these polymers. i 

;^*^he preferred resorbable/biodegradable polymers are Uciidc hbmcpolynws 
^|-tol,(L-.a«i.le). poly(D.l-lactide), and copolymers of lactide ^ fte** 
If ^{50:50 polyfDL Ml* co-glycolide)(FLG>. The F[X3 preferably has 0 
molecular weight in the rai'ge 5-100kD. 

While polyethylene glycol) (PEG) is the preferred water soluble polymer for 
30 mixing with the biodegradable polymer, other suitable water soluble polymer, 
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i„cl,de P oly(ox. .hylene oxide)(PEO). poly(oxycthylc.ne.)-poly(ox yP ropyienO 
• tPEO-PPO] block copolymers such as irl-block PEO-PPO-rCO copolymer* 
t (Po.oxamcrs, Pluronics) and tetra-functional block copolymers ! ftom ih» 
seouenlial addition of propylene oxide and ethylene oxide. : tfyfctt <fe«U» 
5 (Poloxamines, Tetronics), copolymer of PEG with polydacilc 

of polymelia acid), lactide,, copolymers of PEG and amino acid* wfrpftl 
of PEG with polysaccharides for exr.mptc a Colgate produced from <0QCQ 
MW dcxlran and polyoxyeth, Icnc-glycol mono methyl ether and olhOT » 
dccrM by Duval « «/. in Carbohydrate Polymers, 15, (1991), 233-242, 
10 con'u-te, of PEG with proteins such as those described by Nucc! *? In 
Advances in Drug Delivery Review, 6. (1981). U3-151, or with C-oii^n ^ 
described by Rl.ce ei a! in Poly(e t hylene glycol) chemistry. K. -leohlu^ W - 
Biomedical Applications. Ed. J. Milton Harris, Plenum Press (1592) or 
conjugates of PEG with colony Stimulating Factor (CSF-1) as descubed. by 
15 Katre N. V. in The conjugation of proteins with polyethylene glycol and V 
polymers. Adv. Drug Delivery Reviews, 10, 91-114 (1933). Conjugal of . 
PEG with bioactive agents such as enzymes, vitamins, steroids and drug;, such 
as 5-fluoro-uracil. 

, , • , lnfPF fi is in the range 100-100,000. The "molecular. 
20 The molecular weight of PhU is in me n»s • 

weight of PEO is usefully in the range 100,000 to 500,000. 

The invention further provides a method of forming polymer micropanicle* 
^ containing an active agent comprising the steps of: 
•, : |^& ' 'a; forming an aqueous solution, water-in-oil (W/O) emtfttofi Of a " 

'/^' • b : fixing the aqueous solution. W/O emulsion or suspension of the 
; active agent with a polymer solution formed in a second organic solvent;^ H-^ 

" c mixing the emulsion so formed in step b. with a congou J*««; 

30 comprising a third organic solve.1t which is miscible with the fin t and second 
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oriWc so.vcms and is not a solvent for the polymer: |/ i *J <\ - { . , f , ( 
■ * /V«VI? . 

The contiguous phase o- *, precipitation of ihe polymer, extraction of (kit 
and second solvents a ,1 hardens the microspheres. 

The micropartides are then harvest cleaned and stored accord to ml 
methods. 



5 



The firs, and second cyanic solvents may <* *** ^ f* 

10 preferably select from dichloromcthanc (PCM), chloroform. aca* Wl 
acetate, ethyl form* or mixtures thereof. 

The dry active agent can be added dircc.iy to the solution of polymer In (to , 
second organic Thus the solvent used to prepare the wwer-tn-o, . 

15 e m u.s i0n or of the active agent may already contain the 

polyaier. . *■ . 

' The third organic solvent is preferabiy a alcohol having « to 6 carbon 
atoms and is more preferably methr.no! or etha-nl. . 

20 

The first organic solvent preferab* contains a stabiliser. Suitable stabiliser, 
inch* Socbhan esters, S ? an 60 (Sorbitan monostearate), glyceryl woo*** 
• such as glyceryl monostearate. and nony. pheno! ethoxylates or any omer 
- &mkti Which is soluble in the firs, organic solvent. The continuous phase 
:iB§lS.,^ta i ns a surfactant such as polyviny. pyrroudone (W) or any 
rig^&t^ which is soluble in the third organic solvent. ■ . ; 

The emulsification/solvent evaporation technique for wM- ^ 
micropartides is generally based on the use of immiscible ..,u,ds lc , for m 
30 droplets of polymer solution in a continuous phase W hich ***** « 
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to form microjvvticlei by polymer precipitation and solvent removal. An 
exception is the nanoprecipitailon method of Fessi et a!, in which 9r 1ier|c«t1 
panicles may be produced by adding a Ration of PLC in acetone to v.aUr. 

In contrast however, the method of the present invention makes use of m! W » 
organic phases for example DCM and methanol, to form micropPrtWw. TO 
method has been found to result in r? 3 mficanHy higher entra- .* Qf W*W* 
agent and greatly reduces the partitioning of the agent into ft* coifcous 
phase. 
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The term "active a^cnt" is used herein to include any agent which it may be 
desired to administer to the human or animal body for any purpose, including 
therapeutic, pharmaceutical, pharmacological, diagnostic, cosmetic wA : 
prophylactic agents. Theterm is also used to include any agents which it mey 
15 be desired to administer to plants by controlled release, such m *grochem^ 
including herbicides, pesticides and fertilizers. 

The active agent is preferably water-soluble, and.we define water-soluble hw4fl 
' as referring* a material which is soluble in water to give a solution of «t teti 
20 1 mg/ml. • 

The active agent is preferably a polypeptide, peptide or protein, a carbohydrate 
or an oligonucleotide such as DNA. 

Plliit^Se active agents include growth hormone, insulin, interferons (alpha/beta, 
> "Iff ^nia); erythropoietin, colony stimulating factors, parathyroid hormone^ 

iei Si^ng hormone releasing hormone, calcitonin, heparin, somatostatin end 

various analogues thereof. 

30 The aiive a S ent may also be- ad antigen for use in vaccines and theU incjude 

8 . - 
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Up^«.- ? ro-,-,„ s . glycoproteins.,,*, „e «*M from b^.V^£,/ ; 
■ ' • pk^'c sources or produce, by ,y»Mc - ** •» 

: ,o intede any materia, which wi.l cause an f***, r««ior. c. f .ny <-::« 
.dministcrcd. Sue,, an.igens can be administered by injedic* or .0 VHUM 
5 mucosal si.es (nasal, oral, vaginal, rtcttl, colonic). 

Vaccines for .1,0 uea.men, of allergens and for au.o imnvme dieses l» «K» 
: described in d» prior an. For example in autoimmune disc,* « *tm 
,!,,,, .he slow administration of csscntk! factors can be ber,*^!. , 
,0 Such facors can include insulin for .he .rea.men. of dkbetr:- «4 «!fcfc*> ft* 
treating rheumatoid arthriiis. 

The microcodes are useful for deliverin 8 a *> range of «*• «M « 
can bo ad^hhlered by « wide range of rou.es. depending « the a ? »< S* be 7 

,5 deliver". Tl>e micropariicles may be' ad.pted for Mi**®. •** 
in.ran,„scu,.,,ly. intravenously, subcutaneous*, Mm*** * 
imrapedtoneally. The micropar.ic.es may be adapter! for adminUMion to t» 
dern,al or eoid -ma! layer of .he skin by injection or needleless inject- sy 3 .~n. 
The micr, * , tides may aire, be adap.ed for adminis.ra.iot. .0 mucosa ** t* 

20 .he nose, .he gas.roin.es.ina. .rac, ,he colon, vagina or rectum. 
to the eye. 

The microparudes preferably have a size in .he range 10 ,m to 200,.m. ^ 
.iigitchoSeo for a par.icu.ar microparUcle wi.l depend on fte acfe M * 
S ^Pf^aiyeticlVMd the iniend^ route of adn.-nistralion. .. 

' -^fr oral delivery, panicles are conveniently in .he size range 0.5-5,O>m. Fo f 
subcutaneous delivery, a suitable size , is < 100,n, «W* * 
. extravascu.ar delivery ,0 the spleen, liver and bone marrow pre.orably have . 

30 size of < 100 ; nm. 

■ i" 9 



WO 95/3j097 

Microparlicles for parenteral delivery convenient have . size of < 200 (.m, ' 
p.efera>,ly < 150 ,m. Microp.-.r.icles adapted for In.ra-.rierlr.i chem,- 
' einboliioiion .herapy M preferably of . size * .o 100 ,m and TO kro r article, ! 
for .arge.ing an agen. .0 .he lung capillaries convenient taw I ** to ftc 

5 range of 7 fim. 

T.,e desired particle *. can M obtain by varyir* .he process wftWto 
„,a ,ers well known to .Lose skilled in the art. For examF'-c ch a n £ !:,- ft» 
particular polymer .yye used and its molecular weigh, will <*»«• «* 
,0 S i,e, an increase in polymer molecular wei S l,< generaV.y increasing ft. r»flfcte 
size. Increasing .he polymer concentration also increases parlic!e S.7S, . 

t 

T^e mic ro F racle S of the invention provide a controlled releaso system W». 
is useful for delivery of- a wide range of active agents. A partly 
15 significant advantage has been found with the parses of the invention, i«m<Iy 
that a linear or zero order release profile of the active agent can U Behind. 
Such a release profile is particularly advantageous for the controlled release of 
certain bioactive agents such as proteins. 

■ 20 Inaddition, meuseofftemix.ureofbiodesradableandwa^SoluWopbl^w 
i„ .he microparUcles of .he invention has been found .0 allow a signi^t 
increase in .he amoun, of ac.ive age* incorporated into the particle,, wkiW 
s.i.11 giving a linear release profile. This combination of properties has not tor. 

; . /C^Meyed Vith prior art particles comprising only biodegradable polymsr,. 

i protein con.cn. of prior art resorbable PLC microfartictefiqduced by .be 

; . ^Ivc^a. emulsification/solven. evapora.ion (W/O/W) method «, to 
increased by increasing .he amount of pro.ein in .he primary emi.ls.on. 
However, a signiHcam "burs." release of pro.ein occurs in the firs. 24 hours 
of release .es.ing due .0 surface loca.ion of pro..in. In addition .he release 
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Wrn is of..,, no,, liner. being ch.rac.criscd by a rapid release nto*. (Ito 
> -burs, effect", followed by lag pto when little or no protein Is released, 
followed by a s.eady ra.e of re!-e (Cohen e, a!., in ftawe**!! 
8 1991 7l3-720(199l)).Ino.l,erins.an«s..hec U mula,iveamo,mlofprai« ) 

5 released from resorbable ,nicro,ar,ic!es shows a linear relationship with |te . 

s( ,,are roo-. of time. * P»*» »'> !r0 "" 1 * d '' ftoW81 «* fW '* f " 

prouin through a network of water filled ehannels (Hor, el d. m 
Pharmaceutical llesetu-c!,. 7, 1190-1154(1990)). • 

,0 The microparticles of .l:o invention do no. suffer torn . bur.S 
release of active agen. fo.lowed by a lag period when little or no N. 
seen. Instead, .he ,nicro P a»ioles of the invention have reduced IhU p***» 
and are found .o give a linear release of active agent. . ; . 

,5 In ,he preferred embodiment, since PEO is, readily Khbb in water. Off T, 
resorption rale of PLG;PEQ biended micropartieles wouM be «pict{(l to bS 
S ubstantially modified relative to the unblended FLG system da. W tW 
leaching from the micropartieles to leave a highly porous matrix. Fir* control 
over.pro.ein release ra.e is feasible by appropriate ctaj*? WW 

20 characteristics and contort. 

the method of .he invention has also been found to help in achieving «» 
increased loading of active agent in .he p articles due to the third organic *m 
in&ontinuous phase! Additionally, the inclusion of a rteiiUscr **k 
lil^'Spin «0 in "the firs, organic ■ 'vent has been found to contribute to to 
^iSteticiof the "burs." effec. found with .he micropartieles of the Invent. 

' ,„ a preferred embodiment, micropartieles containing a mixture of FW wit'. 
PEG made by a method using methanol as the third organic solvent, were 
30 found to achieve a significant increase in fading of .he active protein agent «rf 
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to exhibit a zero order release pattern of protein over 30 days during /» vitro 
Incubation at 37°C. 

' Preferred embodiments of the invention will now be illustrated in the following 
5 examples and with reference to the accompanying drawing, in which: 

rifilirc 1, shows the cumulative release profiles of OVA from PIX3 
micrf-particles prepared using PLG:PEG solution; 

' * figure 2 shows the cumulative release profiles of OYA fro* FW» 
10 microparttde. prepared using PLG:Pluronic solution; and 

, figure 3 shows the cumulative release profiles of insulin from PUf 
microparticles prepared using PLG:PEG soluiion. . . [y! 



» ■> . •■■ 

Materials: • 

15 ' . • 

50:50 poly(DL-!actide-co-glycolide), (molecular weight 9000, RG503), 75:25 

poly(DMac»ids-co-glycolide), (molecular weight 17,000, RQ755), 85; 15 

P oly(DL-lactide-co-g!v^ide), (molecular weight 54,000, ROWS). poiyCP.t- 

laciid^ffLC. moledular weight 332,000, R208), were supplied by Dophrfnger 

20 ingelhlim, Inge.heim, Germany. Polyvinyl alcohol (PYA) (13-23000, 87-P% 

hydrolyzed), and polyvinyl pyrrolidone) (PVP) (MW 40,000 } WW obfeinef 

from Aldrich Chemical Co. Inc., Dorset. U.K. Dichloromeih.no (PCM), *nd 

methanol (HPLC grade) were supplied by Fisons, Loughborough, UK. 

^••^vaibunnnpA) ( grade V), Insulin, leutinising hormone releasing hofnW 

"B^0i^p^y^ & co[ (MW 8000) and Span 60 wers Mm '' A '° m 

-ftSignilcWmical Co.. Dorset. U.K. Pluronicpoly ethylene o^e-poiypropylwie 
V^Mblock copolymers L44, L121. L122, L123 and F127 w«t cfttaM from 
• BASF Co., Parsippany. N.J. U.S.A.. All materials were used *s supplied, 

30 The formulations described in the following examples were all prepare* using 

12 
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Uio 50:50 PLG copolymer (RG 503) i-r.less otherwise specified. . 
J Example I- Biislc' forraiiWUm of utoopat tides .; 

5 A so, Ul io„ of Span 60 in DCM (2 * 0.5% w/v) was ^ M '. 
ov a! bu,ni„ (OVA) soiution (. ml , 30 n 1£fa .) u,n S . ^ 

homo^cniser C**~ n-nes, Cneshan, ft* * ^ 

' pri„ Br5 - cmuisto,. The emulsion was then mtad « h, 2 h fo ? 

witU 5 „,i polymer soiution (6%w/v PLG in *• M ~ * ; ' 

,0 for 4 minutes with a coato- F*» «** <*> ^ 

. l0S ,,,v PVP « an em.ision The resuUi„ £ W/0,0 „^W» . 

«ti-red for 3-4 hours under ambient cona., • 
microbes were dcr,«d by centrifu S in E and r«us f e>s. , *f< fc 

. lola . of three time; andUen fa*, dried. The « p** ~ •?*» 

15 desiccator below 4 °C. 

• gmuDpta i The of concentration of 8p » to ft» **» 

A sotution of Span 60 in DCM (2 «D ( 0.l» 20.0% wM was 
20 an OVA a,ueons ^ O * *> »jM usin £ a SUvcrson ho^« • » 
provide a primary e.uUion. The resuhin S enwtsion w,s .hen emu MM « 
peed with po-ymer sohuion (6% w/v PLG in DCM) a,', «* . • 

linno. rn- soiuUon. n^ano., con,»inin g .0 % w/v PVP „„ Wl™. 
**3&»W& -uhine w,o,o emu.sion was ^ * M **. ^ 
^ff |giScohdi«o W .o extract DCM. The microparticles were riM*. tow 
"If f dried and stored as described above. 

S^t^ wei S M. were treated wi, , 0 ml , 0£N*« 
,0 coning »** SDS by s„a k i„ E ovcrnish. on a 0. V.bra» -VXR 
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dclcrml „ s „,= OVA co ra „ lra ,io n in S upe.rna.»r„ t£ d,«, . wtol of OVA 
■^.'■»inh reared m O.IM NaOH 5*w/v SDS. Each ^ «. 

assayed in duplicate. 

Us« *«. Average par.iC.e size was « 
diameter (vmd) in /*m. 

10 Span in the microparticl, formula has been found to be M i« 
lhe burst effect of surface protein, and influences particle siz* «. ppfe. 
payload CTable 1). Wh, Soan 60 was used a, a stabiliser in ths pnmwy 
emulsion, the protei, entrapment, increased with incre, S in S oMm of 
surfactant, to a pea. value of approbate* 16% OVA at 3 % S ?? , 
concentration then decreased with increasing surfactant conr ^ fr» 3 
to 20 % . The mean particle size was between 10 and 20 ,m, and the 
particles were obtained in the absence of Span 60. ■■ 



15 



20 



25 



Table 1. 



Investigation 
emulsion. 



of the effect of Spsn 60 concentration in the/primary 







Particle $U% J 
(Mm) vmd 1 

"""" 93 : ' j 

\u"^ 1 


Span Cone. %. 


Protein 
Entrapment % 

10.7 


Entrapment 
Efficiency % 
90.2 


0 


P?- 0.5 


| 10.4 


89.3 


1.0 


11.5 


827 


18.2 | 




12.2 


93.5 


16.3 


3.0 


15.8 


98.9 






12.6 


87.9 


151 j 


I 50 
10.0 


J1.3 


78.8 


10.Q 1 
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; E ,,.,,,.c 3. The offec. of M« «•» r ""° 



10 



c c rn n 0 % 2 ml) in DCM was emulsified wW> an OVA 
A solution of Span 60 (3.0 ^ 2 ml) 

/i .„i ™ mp/ml) to provide U»w piiro».ij uu* 
aqueous solution (1 ml. 30 n^/ml) P 

resulting w/o emulsion wss then emulsified at h*,» spc.a P « 
™ 8 . ,. IB nf pi G blmded with different *t«os of PEQ 

solution (6% w/v) consisting of PLC b>r 

8000 in DCM. The emulsion was then mixed vuh a ; ^ P 

. " , • i « 10 % w/v PVP as an emulsion sttbihiw. T,,v.«w. „ 

methanol, 10 * w/v P . ^ „ ^ 

w/o/o emulsion was stirred for 3-4 ho,s ^ «a 

DCM. The nv.cropaitic'es were cleaned, fieeze c»iea 

above. • 

• a » „ r i m ... v emulsion, a clear relationship 

15 was ftmn* M~ ^ -H—"™ ^ ^ 2 

rr.i u 2\ The 1-3 solution ralio fctulted m die , S*°".- n «•-'•> " 1 
(Tab* 2). The 1.3 , ^ 

»• "» W* e0 ' ra?roent ( 7 ' I", ir5 solu!i o nrei io from l;4 » W. 

t from 0 .o 1:3 and tadecrsased * . . PEG 

- . • hPtwecn7 and 18 ^m, deposing 

The mean pnru* size van.d 1 ^ 

20 solution ratio and the smallest parades (6.0 ,<m, 

solution ratio of 1:1- • 

The effc ct of PLO/PEG 8000 solution blend ftflo on 

injcroparlicle size and proteinloadins 

Entrapment Particle «lw 
Efficiency^ 
94.3 



Table 2. 



v25 




(urn) vmd I 

6.6 | 

18j_ J 



15 



v 
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ill. 
1:4 



1:5 



72.3 
39.2 



36.8 



_89 : * 
_85_7_ 

91.5 



..__JL 4 -lL 

10.7 

ii.r 



Exa.uo! ? . 4. The cffcct of the stabiliser c'-namCfatios! In (he continuous 

phase 

• A solution of Span 60 (0.5 %, 2 ml) in DCM was emulri.". :d with a.a OVA 
10 aoueous solution (1 ml. 3fi mg/«n»> to provide the primary emulsion, The 
resulting emulsion was then emulsified at high speed with poller wlul'.oa 
(6% w/v 1/5 PLC/ PEG 8000 in DCM) and emulsified with a continuous pi 
solution, methanol, containing from 5 to 25 % w/v PYP « * P eMalon . 
stabilizer. The resu'^ng- w/o/o- emulsion was stirred for 3-4 hour? iT^r 
15 ambient conditio! to extract DCM. The micropore, were cleaned, ft** 
dried and stored as described above. 

The mean particle size varied between 10 and 20 „m (Table 3). Protein loading 
remained fairly constant between 30 and 36 % (Table I). No .feniftoe! effects 
. 20 of pW concentration between 5 and 25 % on OVA entrapment are evident. 

Table- 3. The effect of PVP concentration in the continuous phase on 



25 



jY~: PVP % 


Protein 
Entrapment % 


Entrapment 
^Ejfiqency%^__ 
83.1 


Particle size 




36.1 


10 


33.1 


92.5 


' ; 17.? 


15 


30.7 


• 96.6 




20 


32.1 


. 95.4 


; 7 18,3" 


. — ■ L — ~ ~ v r 
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Era ,„n!e 5. The effect of volume of ,« .ft**** 

5 " characterises produced usir, 2 l>LG/i'EG •rt.tiQM 

i 

The. effbe. on ,„icro P ar,iclc cha^cteris.ics of increases Che volun* of &m 
solu.ion Th, volume ra.io of OVASJ^yma sohife/cont^cus phaso 
(1/2 ,„20) was l,p. constant. A solution of Span 60 (0.5 %) to DOM (2 4 ,K. 
l0 8 ,nn was .-sine vAh » ao.ueous OVA so ¥ !on 30 ogfatf. (I. 2 m . 

• S „L , (6% w/v fU>/ PEC »» =««•» «*M > ft »<>. *> ^ * t 
L*m with, a continuous phase solution (20. 40. SO * 
con,ai„i n8 »S % w/v PVP as a, emulsion «*» The r«» ,„ ? 
,5 emuUion was s.irredfcr WW under an*ien, conditas to e^c, PUi, 
The mieroparac.es were c.eaned. free* dried and stored as deseed *m. 

The effee, on nucroparUcle charac.eris.ics of increasing .he volurce of polymer 
s o.u,ion ( a. consent volume ra.io of OVA/Span/po.ymer soi.uior7cont.nuov, 
20 soh,tio„/(./2/5/20» is shown in Tah.e «j. The pro.ein e» was *«£ 
,„ inWease wi,h increase voiun.e fro,! 31.6 *w/w to 47.8 Ww.n, the 
dec*.** with tat.** votom. tnm 16.7 » 2.1 *». . 

j eflW of polymer solution Volume orticropariicle «* 

V: ' ; • protein loading ■ • 1 



L 



Volume of 
Polymer 
solution 

5 



Protein 
Entrapment % 



31.6 



Entrapment 
Efficiency % 



Particle size 



,94 6 t 1 



16,7 
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10 



15 



10 



20 



39.2 



47.8 



96.5 
98.3 



8.6 . I 
2* .1 



Example Protein release micropariicles 

Relea^ot^^ A series of t^s, each 

containing approximately 20 m C freezedried micronartldes (nccur^ly 
weighed) and dispersed in 2.0 ml PBS. were retained in a wateM*lh lit 37° C 
with occasional shaking. Periodically, the microparticto Winnies 
cemWfuPed (3,800. rpm 5 mmutes), the piper.*.* was removal and to 
protein content of die supernatant was analyzed uslofi a EGA pro** .toy. 
Fresh PBS was added .to the microparticles and incubation was copied. 
Release profiles were calculated both in terms of cumulative re!.*,, (f W«th 
incubation time and pg OVA/mg of microparticles with taction 



The protein r-ase characteristic from microparticles proceed by the method 
of the invention are shown in Figure 1 . Cumulative release amount Of mg> V* 
lime relationships are shown. It can be seen that the release pattern fol^S a 
, W order release profile. The blended PLG/PEG m icrpparti^. P ^ 
20 according to the invention result m at least a four fold Win proton 
release compared with PLC microparticles, produced by the standard methods 
described in the prior act (Wang, et at). 



p ; red from blended solutions of tec&Ie 



■^;tiiii^'^ le 7 < Micropai ,*s prep 
' 2f *.v; V : polymers and PEG 



m: WaLx of lactide po.ymer type o>. mlcro PV licb cb S rac<erls«? S 



OVA-loaded micro 



particles were prepared according to the method described 
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^Example ? but using polymers of different |««i*:g^l* ■ n . * i* 
i wUh PEG. The microparticte cl^cterlsttes arc shown *T*f^ { 
in— previa hiding level of aro.d 40 * w, gloved ^ ^ 
l acli de> polymer with PEG 8000. The smallest parole sue w W 
75-25 PLC, Thus it can be seen that the use of differ biod^V* 
powers in the mickeies formulations as the slow resort^ « 
allow variation of protein loading and micwpwttcle size. 



Table 5. 



Investi g a.tionH;? the effect of lactWc po^'typ* oi p^clo 



10 



15 



20 



-V:.- •■■ 



characteristics 




Particle size 
vmd 1 d(90) 
10.6 



*: lactide/glycolide. ratio. ,, 
Average volume mean diameter ivmuj, » , 

this range; Panicle diameter. JciO): 10 & * )e,6w ,his r '"|" j . 

Ai^ 8. : TLe EfW of pU?<«™* Si!u tl o n ; Coi^lfe «• . 
8S:;£:v ; ^rV4lcMpariicle Characteristics 

illu^of Span 60 (2 ml. 0.5 % w/v) in t,CM was emuUmcd with W OVA 
ac^ssoiution 0 mi. 30 m E « » Silvers ho^etus* M. 
a primary emu.sio. The resuhi,,* emuision was then mixed a. k.(b * * 
« (w/v, po, y „rer solution produced b, ccdissoWins PLO M d Piurora, 
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10 



15 



20 



F127 in DCM in various ratios : 3:1. 1:1. 1:2 and 1:3. The resuhu* w o 
emu'sion was mixed will, a continuous phase solution, methanol, roniftlnlns W 
% w/. PVP as an emulsion stabilizer and. the resulting w/o/o emulsion WW V 
stirred with a m«U stirrer for 3-4 hours under ambient conditions to ^ 
DCM. The micropartides were cleaned, freeze dried and s(o; » *?crib^ , 

in Example I- ' ■ t 

S .. ,, llc s arc dda^tcd i. .l.e .ex, i. .er as of .he n ik> of PLC to F!..,rcfe to 
the starting polymer solution. , 

The effect of PLG:Pluronic F127 solution composition on lidttfrtfe;, 

. . • . , :n Tiitii<» BlendiPP IK" Faironic F127 with P?-Q 
characteristics is shown in Table 0. mewnz yt_ 

rcsu'ts in ar ' movement of protein" loading relative to TIG tfcnpifclM. 
The maxim-m loading level achieved of around 30 % (1:2 HflsFta^W?) . 
is almost iwice that obtained with PLG ( 16 *) in *• aftuptife ; 
No distinct relationship between protein entrapment and pWffteMP m< 
ratio is aoparent (fable 6). The microparticle size is seen to M W* 
increasing Pluronic F 127 ratio in the starting solution from 17.4 fmi (3:1) to 
6.4 „m (1:3). PLG:Pluronic F127 ratios i$ove 1:3. did not result in 
microparticle formation. 

Table 6. The effect f f PLG:Pluronic F127 solution co^6si?ion on 
microparticle characteristics ^ ^L t ..___i.-- C3 







Protein 


Entrapment 


■ ' Particle sjze Qjm) J 


■SO 


Pluronic 


Entrapment 


Efficiency 


ymd 


d(90) I 


dOQ) j 






% 


% 










j iratio 
\ 1:0 


16.3 


94.3 


18.6 ! 


45,7 


2.1 \ 




22.4 


99.5 


17.7 


42.7 


1.9 | 


1 3:1 


.21.8 


99 ; .8 


17.0 


40.7 


19 J 



20 
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5 




17.5 


100 


11 .9 


18.3 


99.9 


1 1 O 
1 1 .7 


")Q 1 
Vj . 1 


99.1 


9.51 


28.9 


98.% 


9.45 


27.8 


96.1 


6.4 


28_5 


95:7 


I 6.4 



20 j 



2.0 



25 JL 

25.8 



15..0 



2£— 



2 ±? 



1.5 



1.6 



, diameter (vmd); Particle diametf ; dp®: SQ % below 

Average volume me?n diamci V r \yiw, t » # . 

a ,is ran S «; P^cte diameter d(10) : 10 % below .his ran S e ; _ 
10 Remits .ablated conspond «• > ^ ° f " ; \ 

Exa ,„ pl0 9.TU B . Effect of few* «. M^J*** ! 



f 20 



15 (PLG-Plurcmic bleng solution) 

Tl ,e vdume ratio of OVA,S P an, P o ly mer soiutionKpntmuous ^ ^ 
0/2,5/20) was kept constant. An OVA a,ue„u S soh.fton (!, » or «D «, 
LuJ Wi, a solutio, of S P ,n 60 ,0, » (**» * 2, 4. £. 

" ,ivS Tl,e resultin. erfon was then mixed <l hlfih speed 
respceve ) T., res,, n ^ . . (? ^ 

polymer solution (6% w/v, 1.1 rtAj 

Id and^nlsified with a continuous phas, «*»*». GP.4Q or 80 «0, 

.5 % «* PV as an emulsion T* «~« 

ii/o e*,An was stirred for 3-4 hours under «e rt ^ » ^ 
.$jp. : . , ^ pane _ d f r ee7e dried &nd stored e§ despp.'.*4 

1^:,. was found to he unaff^ * J* 
re a S en,s a, constant ratio CTaHe 7>. The microp^e W 

djase with an increase in rea g en, volume and the parp 
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is improved. 



10 



15 



The f nril 3-4>m microparticle* produced by increwinfi the volume of reacts 
are potentially suitable for intravenous adnruV ■ -allon and oral vaccine 
formulations. In ll.c latter case, microparticle. interaction with the Foyer's 
patcl.es of gut associated lymphoid tissue is enhanced if the pariM; tizo is less 
(liar. 5 pm. 

Table 7. The effect of reagent volume on microparticle characterises 
(1:1 PLG:Fluronic F127) , 



20 



Polymer 
solution 
volume 



Entrapment 
j 

Efficiency 



Particl? size (ftm) 




Average volume mean dialer (vmd); Particle diameter d(90); 90 % Wiow 
this range; Particle diamete^(lO): 10 % below this range. felted 
. correspond to 2. separate batches of microparticles. 



^5 ^Example 1Q. 



Microparteles prepared from blended w!'.i«QR? c? 
lactide polymers and Pluronic 



The 



effect of lactide polymer type on microparticle cfert^lstlps 
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OVA-loaded microparticles were prepared , ' rdin £ lb the method described 
' ' i„ Example 8 but usin C polymers of different l.c.lde: fi lyco«de ratios in • 1:1 
blend with Pluronic F127. » 

5 The maximum loadi,* level of approximately 40 % OVA wM found to bo 
obtained usin, 75:25 PLC copolymer (Table 8). Th* micro?*!* si* was 
found to increase with increasing lactido <■ intent of the copolymer. The use of 
p^lyCD.l-lactide) did not result in microparlicle formation. 



10 



Table 8. The effect of lac.ide polymer type on microparlicle chawlcriilL* 

(1:1 PLG:Pluronic F 127 solution). . _ 

Particle size (f*rn) ' 

d-'fM 



15 



PIG 

Type* 



Protein 
Entrapment. 

14.1 



Entrapment 
Efficiency 
% 



75:25 



85:15 



40.5 



16.3 



70.6 



52.2 



80.3 



vmd 
7.8" 



10.1 



19.6 



d(90) 

17.4 
22.4 



38.5 



1.8_ 
2.3 



3,0 



100:0 



no micror.^lesjorrncd^ 



*: lactide/glycolide r&lio. ■ • ^ . ' 

20 Average vo|,n,e n,ea„ diame.er (vmd); Parfcle dtanMr «** 90 % Mow 
U,is range; Article diameter d(10): 10 % below to rwfp. 

llSl^leU: Microparticles prepared from blended solution? of ?LG 

and Plutonic 
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The effect of Pluronfc Type on mlcroparrtcle characteristics 

The adjuvant effect of Pluronic PEO-PPO copolymers such as Plutonic U2I 
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hes been re-c tod by several £ rou P s of workers (Hunter, ex «/)• Several o:' <* 
" preparations usin £ PEO-PPO copolymers will, shorter PPO or lon*r.r 
: hydroplulic PCO chains also demonstrated adjuvant activity. Thus 
, mC roparlic»late vaccines prepared from Wends of PLC and Plutonic n,,y m* 
5 ia improved adjiivanlicity. 

OVA-U»dcd microparticlcs were prepared according to d» method fecrlbed 
: in example 8 but usin 3 different types of Pluronic PEO-PPO copolymers in a 
1:2 blend solution with PLG and decreases the polymer solution concer* Mon 
10 to 3%. 

The effect of Piuronic type on micropartictc characteristics is shown in 
9 An OVA loading level of around 40 % in similar size micropenis 3,9- 
6 2 „m was routinely achieved. No distket relationship between micropsia 
l5 size and Pluronic ty; vas apparent (Table 9). Tl, hi £ h OVA loading may 
result partly from the use of a lower polymer solution content (ie 3 % rather 
.• than 6 %). . •: j 
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: Table 9. The effect of Pluronic type on microparticle characteristics 
(1:2 PLG .Pluronic solution) 



OVA 

Entrapment 



Entrapment 
Efficiency 
% 



Particle size tym) 



d(90) j (S(10) j 
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X „ W volume mean ^ fr* Panicle diameter d<«0): 90 % W«W 
tl.is range; Panicle diameter d!.0) : 10 % below .his range. 

Example U. ^ OVA «U» from micro^U^ ^ fte. 
5 PLG:Fluronic blended solution* 

Th. cumulative release of OVA from various microti* * 
ptotod v, rime in Figure 3 and 4. The charge in W* 
Loud, ohuinc, „ y «M* PLC with P»uro,;, F.27 in sc<«ion ^« 
,0 ,he carrier matrix is apparent. The endive +m .~«*r « «* »' S 

PLGlPluronic micropartides after one month incubation in P8S c J m. 
■ simi ,; c . ^nacmi.* u, .00 « OVA/mg micropar-Hu and U0 „ OVA^ 

Licroparticles restively. The - of curve fining p^p. . 

(PCNONUN) sugj.est « protein release from the 1:2 r«*««oa» ^ 
,S PLGtf.uronic systems conforms .0 .he Kiguchi mod* <»>»» 

dependence on .he so.uare roo. of lime). The diffusion rate cor,,,,., 0» - 

respectively 19.8. and 20.4 (ug/mg-day 05 ). 

,„ „,e case of »:l and PLG:Pluror.ic microparUc.es. .he protein release 
20 pattern is similar and appears .0 be following a linear, «ro o,,er r^se 
profile wi.l, a release rate cons,an, (U of ..3 and 0.97 <^d.y>. 

respectively . 

. ,«The r ?P id and c' *.* prole* delivery which characterises ^«^o 
^l»£cropirt;cUs is expected .o be facilitated by Pluron.c modtfied .nW„4 

' S & properties of the microparticle matrix such as .he <* 
d JopLt and the pattern of drug re,ase are exited. ,,be ,£* 
adjusting .he amoun, and .he molecular charac.enst.es of .he P.urom 
adjusting M «. s , arli np solution. Tlw prptein release «te and 

30 copolymer incorporated in the starting soiuu r. 
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cumulative .mouni released is expected to increase with incre^n* amount* of 
,. hydrophi.ic nuronic copolymers ia th blend and with dexr^ln 3 molecuUr 
weight' of the Fluronic copolymers. 

V 

5 Example 13. Insulin-lowlcd mlcroparlWes 

Preparation ' 

*n n mi 0 5 % w/v) in DCM was emulsified wi?h fin 
A solution of Span 60 (2 ml, U.3 a. w/v; hi_ 

,0. a q „eo„s insulin solution (. ml, 50 „*« f*"^^* 
' resu,^ erosion was then mued a, KiA=ed wl* * 5 ml « «* (w/v) 
poly ,v,r solution produced by co-dissolviniPLG and PEG 8090 in PCM „ 
,a,io • 11. The results w/. emulsion was raked with 20 ml of confeow 
phase solution, methanol, containing 10 % w/v PVP a S an emuSSon «**», , 

15 The resul.inj w/o/o emulsion was stirred with a magnetic. «h«er to Mlj!i<>» ; 
under ambient conditions » extract DCM. The microbes were oiew-4 ty 
centrifuge and resuspension in distilled water a total of th«o fc.es and then 
freeze dried. The f.nal product was stored in a desiccator below 4 "C. 

20 Detw.nir.Mlon of Insulin lo.dh.gof microp.rticles.by KPl.* . 

' Assay procfrVfc,-, : The chromatographic system consisied of a Uchrospher 
100 KF-lsf '„m particle diameter (Merck) (0.46 15-cm) oolnm... t UB 
. , 2150 HPCC solve,,, delivery pump, a Gilson dihuor mojol 40! saw* injecior 
W%d a^ 2152 HPI.C controller: Peak detection was b/UY « 
220 nm „sin S a UCB 2151 variable wavelength detector. Quantisation (by 
■W pea^ area) and recording of chroma,o S rams was accomplished MSins » HP 
3394 A integrator. « 

30 The mobile phase consisted of acetonitri.e : water 32 : 68. with O.ol % TFA. 
: 26 i 
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1 

ltd a. root, •** rested in . region ,n« or S Incu,., . 

L «^ in Mica*.™* mini,,,, de.ccb.e —Uor, of ,H. 
S , and ,.,e ^o. r^P «* «« ^ P,,, oM«*» 

• peak are, vs. concennation focween 1 and .00 W « w» over 0.9. 1. 

E*i.,*m of to^iu f,o,« !i .icro SP .. t -,'CS; Win was from** 
^p^cto by t., foUowi„ 8 process; 10 ,»g of taHn-toW nuc^ ,, 

; 10 LdissoWed h, W of HH^Uy^^ « '■ 
■ ( , 1M o, and added ,o l.0,l of acConiirHe. The 

• . „,cc„ar,ic», shaUer for 3 .in. 2 «. of 0.1 N ^ ^ 
7 4) wore added and , he U,be conten.s were centrifu^cd a. 3500 ^ fo, | 
• „„„ The supernaun. w« cen,rifuged a g? -in a. .3600 rp„, for 5 mln, *»» ^ 

, 5 ,1 of *« KPLC ' E ' ch ^ 

Lptoe and * insulin conception «. ^termined by common w„h . 
calibration curve. 

« nf insulin from mlcropartlclM: A scries of tubes, each 

In-vitro release of insulin iruur » , . 

• , iu ?n mP frecze-dried micronariicUs, accurately 

on contain! np approximately 2U nig rre^o ♦ 

.Gained in a wa,er-ba,h a.37- C win, occasional *,H*. P— y, 
^croparUcle sanies were cenuifnged (3.600 rpn, 5 mir^es , a«a ft. 
» was co„ec,ed and iece„,rifu S ed a, .3600 rpn, for 5 m.*** 
^ IIP «, sohnion was on.o ,he HPLC colun,, Fresh «S W 
Vlfcieipar.ic.es and incubauon W as conned. Re.easc ptflfe were ^ 

cumulaUve re,e,se (,g insuUn/mg microparrtCe) wi.h incuV^ion tup. _ . 

30 The inHia. in.din conu.U of „,ieropa rt ic,e, and ,he ins* CP.ten, of 
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- mlcroparticlcs after washing in PBS solution at rc# lecture for 4 hours 
■ ;tb remove surface insulin are shown in Table lO*The initial Insulin loV 5 dln 5 
"tevcl was approximately 17 % w/w, which was^ced after wasM M 10 • \ 
loading level of approximately 5 %. Thus a large proportion of the Insulin 
5 originally associated with the microparlicics is surface located, 

The cumulative release amount of insulin from washed microparticles gffer - 3? 
month incubation in PBS at 37'C was approximately 30 l% insu'Vm** 
m icropartU:les (Figure 3). A significant 'burst effect' of «rl«« locked in 5 «!ia 
10 occurred from washed microparlicles in the first 3 days of rete- |ef tin* 
amounting to approximately 47 % of the insulin content. After 5 day*, uniform 
release of insulin ■opcurred with a release rate of 0.6 M8 /mg/day. ^ 

Table 10. The insulin content. (w/w%.) of micropsrlicles prepared fm:> t:2 , 
15 PLG:PEG blend solution. 
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Initial Insulin 
Loading (w/w%) 



Retained • 
Insulin Content (w/w?p) 
after washing in_FBS^_ 



H6.8 



16.9 



4— " 



4.9 - ' „ 



• ail -n S have been made in .he prior art to entrap insulin in mkroparticks. 
Kwong el described tl.e preparation of insulin loaded poly Wo »oM 
Sapiicles that were over 100 ym in si*. A burst release effect occur.*! ftuwg 
; W&dru hour a. 0-C of more tan 50 % of tl,e insulin load.. Slp ff teteaso of 
' ^remaining insulin was the obtained. The dura.ion of M|o» of <k» particle? 
could be varied from a few hours to several days. The insulin con**, of thess 
' particles described in the prior art was less than 5 % w/w befpre jv f . ? Hn S . Tte? 
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value dropped to 2 % w/w or less after washing 



Exaiaple 14. 



LHKH-lpadet? tnlcrcparllcks 



5 Preparation 

A ^ of spu 60 a ml. 0.5 * w/v) in DCM vv« «*•»« with an 
aoueous UUUi solu.ion (I ml, 50 m £ «.l) to provide a prim*, T b» 

result pulsion was .tan rated at high e» . « «* * «* 

,0 po.yn.er «*u0<»> proofed by n* »»d PEO 8000 in PCM » . 

' „Uo of 1:2. The resuhi,* w/o emuhion was n^ed with 20 mi of coriht i*! 
phase soluUo,,, methyl conning 10 % w/v PVF « «. «**f' 
TV resulting w/o/o emulsion was stirred with a magnetic stirrer for 3-1 Mm 
under ambient conditions to eMract DCM The microbe!* vvp» 4*0* b? c 

,5 ce„trifu £ in B and rcsuspension in distilled w» , totd of three feft «*J ^ 
ftee« dried. The final product was stored in a desiccator Mow <! «C. 

The assa/procedure ««*«* def"*"*" ° f LHtU1 ° f 

is as described in Example 13. • 
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The LHRH content of nucropartfefcs, and the corresponding microns *» 
range are shown in Table 11. ^ ' . ■ 

li.'f. The LHKK content (w/w%) and particle $\z* of.m^Bxf^ 
^II^T- ; ' . ...prepare ' from 1:2 PLG: PEG blend solution. ' •". ; 

I Application 
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Example Uu iU : , •} 'v - > 

A cf Spa, 60 i, DCM (2 ,»>. 0.5% w/v) WM «^*lgW^ 

a „=o J s c uli c„ o me P^d pt m. <oo w*r. W I* «^-« ,«/ ;• ; 

.OOLITE mmom p.. 8.5). The «».*» w ? s *4 *>^|l*^l } 



V 



15 



5 m l of polymer solution in DCM (6% w/v, 1:1 FlMW « | 
4 mi nutcs with a continuous pl„* solution, — ! (20 ^^ ^ T, 

^suuins w/o/o otRuieim 7 : ;^ s /^^gf .f. f- 

;o extract PCM. •• Tho 4ic&$y&'| J^||'' J' 



w/v PVP as ss> emulsion stabiliser. The rest! 
for 3-4 hours under ambient conditions t 
10 were cleaned by centrifiiging and res<!s ? en:-n in 
dried and stored in a dessicator below 4' • - 



Examination of the microparticles using scanr 
two populations of roughly «pherical microparticles 
ranging from 10 to 40 pm. the second ' 
approximately 100 urn. 




MicroparUc.es were ««*d wi.h chioroform/water .o «,«« PNAf || . 

DNA w. detec.ed by ^ * e.ec t ropV,ore S is. The pres W «f . h£ « ; | | ; 
20 ,he ? e. was revea.ed by a UV ■ransiilumtaor confirming .he pww of Ph A . J ^ • 

in the mleroparticle sample. ; • . ■ ; r 



1* 



ft- ' ■*-. " ; 

4 



30 



>VO.S)5/350!)7 



. UEFI5BKNCES 

M; „o^. « Co-one .lease of ^ "J ^ 

3' Col.e,,^., Hta*-*"A 0^91) 713-720. 

. 4 wmj. «•»..■'• o-- M -"- (l95,) 2MJ - 

■ 5 Pons, «„(., J. Co,U.Rel, 3. (1986)119-130. 

• 10 7 Be*.« fl l.,y.W-,5d..73.(.984)n2l-n25. ( 

8.,a.o„ S o,«»/..^»» «"-. io ^ 19!,3) 945 - 955 M '; i7 : •••• ; 

. ,0. Wada. « ««-.. to... «. <" 3 » 1292 " im m ' 3 

,5 12. Jeffery, « <■<•• ""• • 77 ' "" 1)169;175 - 

13 Jeffery, e, al.Pha,;, Res.,, 10. (1993) 362-368. . . , 

M.99.) 956-961. . -t 

,5. Singh, m al., UU.J. 85. (.992) R5-R8. 

,,. out*. « '-'»• »• (l99l) 

iKlM J- ruar,,, 41, (.989) 809-812. ■ 

^mSm Uin^. « '■ Cornel. ... (.990) 205-209. 
' SiPi al.. Pharm. Res.. 7. (.990, 1 .90-1 194. 

24 SmUlw « «"*»•. '50. (!»*> 76 " 82 - 

25.' Fessii « D»— * Breve, D'inven.ior, Republic »c, N«. 

2608988,1986. ; . 



WO 95/35W7 



26. Kwonc et al.. J. Conlrol. Release 4. (1986) 47-62. 
27 Hunter, el a!.. Vaccine, 9 (1991) 250-256. 



f * 1 



32 



} 



WO 95/35097 



"ciAtiyn 

l a mut.irp of a biodcfiradable polymer end e ; 

LA microparticle comprise a imMure or a mo b r 

' water soluble polymer, and an active afitnt. 

2. A -niicropartick according to clami l v.nici. 
• profile which is linear wiih time. 

i • i «r o viK----eia the nucronartlc's h&S 0 
1,0 size in the. rang? 10 nrn to 200 pra. , 

' sotable polymer is polyCe.hy.ene *«0 (PEG), or . Wo* co ? o, ,r, 
comprising PEG as one of the blocks. V : 

15 5 A microparticle accord to any one of the pc^* the : 

i • 

glycolide. i * ; . ( . 

20 6. A microparticle according to Cain, 5 wherein »»^Vfe»-. 
„ P oly(.ac,ide co-glyco.^ with a molecular weigh, « the range H«U>. 

: , ;7v -A ^particle according to Cairn 4 wherein the M ^ <*. 

/^;#g^-; is in the range 1-lCOkD. .. ; 

: -lli^croparticie according to any one of the preceding «W. tho 
aciiv - agent is a peptide, polypeptide or a prolcir,. ^ 

, A microparticle according to any one of Cairns 1 to 7 wherein the ,e«ve 
30 agent is DNA, a vaccine an allergen or an antigen. . 
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10 * A microparticle according to Claim 8 wherein ihe active «&• at is insulin, 
; : tlimi or r.i analogue thereof, a growth hormone, Inter- :-n. colony 
1 / stimulating factor, somatostatin or an anMogue thereof. 

5 n a microparticle according to any one of the preceding claims wherein the 
ratio of the biodegradable, polymer to the water-sc'nble polymer is in the rani;.: 
of 99.9:10 to 10:90. 

12 A microoarticle according to any one of the preceding claims which is 
10 suitable for administration by intramuscular, intravenous, subcuU^, 

intraarticular or intraperitoneal injection. 

13 A microparticle according to any one of Cljims 1 to U which is. Suitable 
for administration to the. dermal or epidermal layer cf the skin by injection or 

15 needleless injector system. 



i 



14 A microparticle according to any one of Claims I to 11 which U luUahte 
for administration to the eye, nose, oral cavity, gastrointestinal tract or vagina? 
cavity. 

20 

15. A micro P arlicle ; according to any one of Claims 1 to 11 which is suitable 

] fpr administration to plants. 
* 

' A method of forming polymer micropariicles containing an active [ 

25 ^ cdhiprising the steps of: 

'mSm forming an aqueous solution, water-in-oil (W/O) emulsion or* . 

V^liloensionof^ ; I 

' b mixing the aqueous solution, W/O emulsion or suspension" pf the 
active agent with a polymer solution formed in a second organic solved . . 
30 c Mixing the emulsion so formed in step b, with a continuous, phw 

' ' " L : 
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uprising a tod org,nie so.ven, which is miscibie with .he 0* and second 
' organic solvents and is not a solvent for the polymer. 

„. A method accord ,o Cain .6 wherein ,he solvent used .o produce ,he 
5 v,acr-i,,-oi. emulsion or the suspension of Ore active age,,. eon,.>ns .he 
dissolved polymer and step b is emitted. 

,■>. A rsto* accord^ <o C* 16 or .1 wherein .he poller soiuUon 
. copses a of a biodcgriable polymer and a water .Cubic polymer. 



10 



e rM«;-w* ift trt 1? 1 whereiii the third 

19. A method according to any one o. Claim, 16 to^| 

orennic solvent is a lower alcohol having 1-6 carbon «t^> 

, , *n Claim 19 wherein the third organic solvent is , 

20. A method accoru:-ng to uaira i? w.i .. 

15 metlianpl. . 

21. A meM aeeo di„ £ .0 any one of Claims .6 ,0 20 wherein dte Rrs. and 
second or^ic solver, are .he same or different ar,d ; arc se.e=,ed tan 
dichloromeihane (DCM), chioroform, acetone, ethy, acetate, ethyl fro*, or 

20 miscibie mixtures thereof. 

» „r riaimc 16 to 21 wherein the first 

22. A method according to any one of Claims 10 to 

organic solvent contains f. stabiliser. 

illlllil^ccordins .0 any one of Claims .6 ,0 22 wherein .he cdmimtot, 
;^^-^ase contains a surfactant. .. 

24. A medrod of administering an ac,ive agent *,.„ animal or human 
comprising administering parenteral or non-parcnteraily . nucroparucle 
30 , I risin . mixture of a hiodegradaoie po.ymer and a #,er-soluh,e polymer. 
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FIGURE .1 
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-{£>-- PLG (16 urn) 
~Q~PLG:PEG 1:2 (14 urn) 
-v -PLG:PEG 1:3 (14 nm) 
PLG:PEG 1:5 (10 um) 
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FIGURE 2 
— PLG:Pluronic F127 3:1 
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FIGURE 3 
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